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DISTMBUTED SYSTEM FOR NEUROSTIMULATION THERAPY 

PROGRAMMING 

[0001] This application claims priority from U.S. Provisional Application Serial No. 
60/422,263, filed October 31, 2002, U.S. Provisional Application 60/422,264, filed October 
31, 2002, and U.S. Provisional Application Serial No. 60/503,222, filed September 15, 2003. 
The entire content of these Provisional Applications is incorporated herein by reference. 

TECHNICAL FIELD 
[0002] The invention relates to neurostimulation therapy, and more particularly, to 
programming of implantable medical devices that deliver neurostimulation therapy. 

BACKGROUND 

[0003] Implantable medical devices are used to deliver neurostimulation therapy to patients 
to treat a variety of symptoms or conditions such as chronic pain, tremor, Parlcinson's 
disease, epilepsy, incontinence, or gastroparesis. Typically, implantable medical devices 
deliver neurostimulation therapy in the form of electrical pulses via leads that include 
electrodes. To treat the above-identified symptoms or conditions, for example, the electrodes 
may be located proximate to the spinal cord, pelvic nerves, or stomach, or within the brain of 
a patient. 

[0004] Typically, a clinician uses a programmer, e.g., a computing device capable of 
conmiunicating with implantable medical devices via device telemetry, to program an 
implantable medical device for delivery of neurostimulation therapy to a patient. In some 
cases, such clinician programmers take the form of handheld and/or tablet-type computing 
devices. Handheld and/or tablet-type clinician progranmiers can allow for a more natural 
"bedside" interaction between clinicians and patients during the programming process. 
Handheld and/or tablet-type clinician programmers can also allow the programmer to be 
handed off to the patient for entry of symptom and/or efficacy data, e.g., for patient- 
interactive progranmiing as described in U.S. Patent No. 6,308,102, issued to Sieracki et al. 
(hereinafter the Sieracki '102 patent), which is incorporated herein by reference in its 
entirety. 
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[0005] During the programming process, a clinician may select values for a number of 
programmable parameters in order to define the neurostimulation therapy to be delivered to a 
patient. For example, the clinician may select a voltage or current amplitude and pulse width 
for a stimulation waveform to be delivered to the patient, as well as a rate at which the pulses 
are to be delivered to the patient. The clinician may also select as parameters particular 
electrodes within an electrode set to be used to deliver the pulses, and the polarities of the 
selected electrodes. A group of parameter values may be referred to as a program in the 
sense that they drive the neurostimulation therapy to be delivered to the patient. 
The process of selecting values for the parameters that provide adequate results can be time 
consuming, and may require a great deal of trial and error before one or more 'l3est" 
programs, e.g., programs that are better in terms of cHnical efficacy versus side effects 
experienced than other programs tested, are discovered. The clinician may be required to 
make notations describing a number of programs and feedback received ft-om the patient 
regarding the perceived efficacy of each program. In some cases, the clinician collects 
detailed graphical information describing patient symptoms and program efficacy, e.g., pain 
and paresthesia maps as described in the Sieracki '102 patent. In some cases, such as the 
patient-interactive progranmiing systems described in the Sieracki '102 patent, complicated 
algorithms provide automated or semi-automated routines that involve generation of 
numerous potential programs with complex stimulus pattems, testing of the programs, and 
recordation of efficacy information for the programs. 



SUMMARY 

[0006] In general, the invention is directed to techniques for management of information 
during programming of neurostimulation therapy. A distributed system for neurostimulation 
therapy programming includes a local progranmiing device, such as a clinician programmer, 
and a network device, such as a server that maintains a database. In some cases, and 
particularly in cases where the clinician programmer takes the form of a handheld and/or 
tablet based computing device, the burden of executing complex programming algorithms, 
and/or the burden storing the wealth of information generated during the programming 
process for a number of patients, may be too great for the local programming device to bear 
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alone. Consequently, according to the invention, the programming device interacts with the 
network device such that the network device bears at least a portion of these burdens. 
[0007] During a programming session, the progranuning device transmits programs and 
rating information associated with the programs to the server. The programming device may 
transmit program parameters for programs specified by the clinician to the server. The server 
may direct the programming device to control delivery of neurostimulation by an implantable 
neurostimulator implanted within a patient according to the specified programs. In some 
embodiments, the server randomizes or otherwise selects an order for testing of specified 
programs, and directs the progranmiing device to test the programs in the specified order. 
[0008] The programming device may collect rating information for a tested program during 
and/or inmiediately after delivery of that program, and may transmit the rating information to 
the server after collection. In exemplary embodiments, the programming device displays 
body templates that depict a surface of the human body, and receives input fi*om one or both 
of the clinician and patient that indicates regions on the templates associated with an area of 
pain and with areas of paresthesia provided by each program. Information describing the 
regions is transmitted to the server, and the server calculates an amount of overlap of 
paresthesia and pain provided by each program as rating information for the programs. 
[0009] The server presents the rating information to a clinician to assist the clinician in 
selecting fi*om among programs tested during the programming session. The programs and 
rating information may be presented to the clinician as a list of tested programs generated by 
the server and displayed by the programming device. The server may receive selections 
made from the list by the clinician of one or more programs for long-term use by the 
implantable neurostimulator in delivering therapy to the patient. 
[0010] The server stores selected programs and associated rating information within a 
database as part of a patient record. The programming device may also transmit patient 
information and device configuration information to the server for storage with selected 
programs and rating information within a database as part of the patient record. Programs 
and information received from a plurality of programming devices and for a plurality of 
patients may be stored in the database and analyzed by the server to provide responses to user 
queries made by clinicians via programming devices. For example, the server may compare 
patient and device configuration information for a current patient received as part of a query 
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to patient and device configuration information stored records within the database, and 
suggest one or more programs for the current patient based on the comparison. In some 
embodiments, clinicians, patients, researchers, or other interested parties can access one or 
more patient records or submit queries to the server via other computing devices, such as 
desktop computers, laptop computers, or personal digital assistants (PDAs). 
[0011] In one embodiment, the invention is directed to a system comprising a programming 
device to control delivery of neurostimulation by an implantable nuerostimulator implanted 
within a patient during a programming session, and a server connected to the programming 
device via a network during the programming session. The server directs the programming 
device to control the implantable neurostimulator to deliver neurostimulation according to a 
plurality of programs during the programming session, receives rating information for each 
of the programs via the programming device, the rating information for each of the delivered 
programs relating to the efficacy of that program, and presents the rating information to a 
clinician via the programming device to assist the clinician in selection of one or more of the 
programs for long-term programming of the implantable neurostimulator. 
[0012] In another embodiment, the invention is directed to a method in which a 
programming device is directed via a network to control an implantable neurostimulator to 
deliver neurostimulation according to a plurality of programs during a programming session, 
the implantable neurostimulator implanted within a patient. The method fiarther comprises 
receiving rating information for each of the programs via the programming device and the 
network, the rating information for each of the delivered programs relating to the efficacy of 
that program, and presenting the rating information to a clinician via the network and the 
programming device to assist the clinician in selection of one or more of the programs for 
long-term programming of the implantable neurostimulator. 

[0013] In a further embodiment, the invention is directed to a computer-readable medium 
containing instructions. The instructions cause a programmable processor to direct a 
programming device via a network to control an implantable neurostimulator to deliver 
neurostimulation according to a plurality of programs during a programming session, the 
implantable neurostimulator implanted within a patient. The instructions further cause a 
programmable processor to receive rating information for each of the programs via the 
programming device and the network, the rating information for each of the delivered 
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programs relating to the efficacy of that program, and present the rating information to a 
clinician via the network and the programming device to assist the clinician in selection of 
one or more of the programs for long-term programming of the implantable neurostimulator. 
[0014] The invention may provide advantages. For example, by placing a portion of the 
storage and computation burdens associated with programming of implantable 
neurostimulators on a networked component, the distributed system may allow for greater 
complexity of programming algorithms and or reduction in the size and complexity of 
clinician programmers. For example, computationally complex analysis of pain and 
paresthesia maps can be performed by the server to provide rating information to the 
clinician. The storage burden on the clinician programming device is reduced by storing the 
data of a patient record, particularly of the rather large pain and paresthesia maps, on a 
remote database. 

[0015] Further, the server allows a plurality of clinicians to treat a plurality of patients in 
various locations around the world at various times. Storage of programs within a common 
database allows for sharing stimulation treatment information, which can allow a clinician to 
provide better results for any particular patient. Storage of programs, rating information, 
patient information, and device configuration information for a plurality of patients also 
allow for analysis of the collected information and provision of usefiil information to the 
clinician, such as suggested programs or programming protocols that have been effective is 
situations similar to that currently faced by the clinician. Using the information stored in the 
database, the server may provide information that results in testing fewer programs, 
consequently reducing the time required of the clinician and patient to program a 
neurostimulation device controlling the delivery of neurostimulation therapy to the patient. 
Additionally, information collected fi"om a large number and variety of cases could be a 
useful resource for academic and/or commercial research. 

[0016] The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and advantages 
of the invention will be apparent fi-om the description and drawings, and fi-om the claims. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0017] FIG. 1 is a conceptual diagram illustrating an example environment in which an 
implantable neurostimulator implanted within a patient is programmed to provide 
neurostimulation therapy to the patient. 

[0018] FIG. 2 is a block diagram further illustrating the implantable neurostimulator of FIG. 
1. 

[0019] FIG. 3 is a block diagram illustrating an example clinician programmer that allows a 
clinician to control delivery of neurostimulation therapy to a patient by an implantable 
neurostimulator during a programming session and to interact with a server. 
[0020] FIG. 4 is a block diagram illustrating an example patient programmer that allows a 
patient to control delivery of neurostimulation therapy and interacts with the server. 
[0021] FIG. 5 is a block diagram illustrating an example distributed system comprising a 
plurality of progranmiing devices and computing devices connected to the server and 
database via a network. 

[0022] FIG. 6 is a flowchart illustrating an example method that may be employed by the 
server of the distributed system of FIG. 5 to interact with a programming device during a 
progranmiing session. 

[0023] FIG. 7 is a flowchart illustrating an example method that may be employed by the 
server of the distributed system of FIG. 5 to respond to a query received from a clinician. 
[0024] FIG. 8 is a flowchart illustrating an example method that may be employed by the 
server of FIG. 5 to respond to a query received from a clinician or researcher via a computing 
device. 

[0025] FIG. 9 is a conceptual diagram illustrating another example distributed system. 

DETAILED DESCRIPTION 

[0026] FIG. 1 is a diagram illustrating an example environment 10 in which an implantable 
neurostimulator (INS) 14 implanted within a patient 12 is programmed to provide 
neurostimulation therapy to patient 12. INS 14 may be an implantable pulse generator, and 
may deliver neurostimulation therapy to patient 12 in the form of electrical pulses. 



6 



PATENT 

Docket No.: 1023-226US01 /P-1 1558.00 

[0027] INS 14 delivers neurostimulation therapy to patient 12 via leads 16A and 16B 
(collectively "leads 16"). Leads 16 may, as shown in FIG. 1, be implanted proximate to the 
spinal cord 1 8 of patient 12, and INS 14 may deliver spinal cord stimulation (SCS) therapy to 
patient 12 in order to, for example, reduce pain experienced by patient 12. However, the 
invention is not limited to the configuration of leads 16 shown in FIG. 1 or the delivery of 
SCS therapy. For example, one or more leads 16 may extend from INS 14 to the brain (not 
shown) of patient 12, and INS 14 may deliver deep brain stimulation (DBS) therapy to 
patient 12 to, for example, treat tremor or epilepsy. As further examples, one or more leads 
16 may be implanted proximate to the pelvic nerves (not shown) or stomach (not shown), and 
INS 14 may deUver neurostimulation therapy to treat incontinence or gastroparesis. 
[0028] INS 14 delivers neurostimulation therapy according to a selected program. Each 
program may include values for a number of parameters, the parameter values defining the 
neurostimulation therapy delivered according to the selected program. In embodiments 
where INS 14 dehvers neurostimulation therapy in the form of electrical pulses, the 
parameters may include voltage or current pulse amplitudes, pulse widths, pulse rates, and 
the like. Further, each of leads 16 includes electrodes (not shown in FIG. 1), and the 
parameters for a program may include information identifying which electrodes have been 
selected for delivery of pulses according to the program, and the polarities of tiie selected 
electrodes. 

[0029] System 10 also includes a clinician programmer 20. Clinician programmer 20 may, 
as shown in FIG. 1 , be a handheld computing device. Clinician programmer 20 includes a 
display 22, such as a LCD or LED display, to display information to a user. Clinician 
programmer 20 may also include a keypad 24, which may be used by a user to interact with 
clinician programmer 20. In some embodiments, display 22 may be a touch screen display, 
and a user may interact with clinician programmer 20 via display 22 using a stylus (not 
shown). A user may also interact with clinician programmer 20 using peripheral pointing 
devices, such as a mouse. Keypad 24 may take the form of an alphanumeric keypad or a 
reduced set of keys associated with particular functions. 
[0030] A clinician (not shown) may use clinician programmer 20 to program 
neurostimulation therapy for patient 12. In general, a clinician programs neurostimulation 
therapy for patient 12 by specifying one or more programs, e.g., by selecting parameter 
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values for one or more programs, to be used by INS 14 for delivery of neurostimulation to 
patient 12. During a programming session, a number of programs are tested on patient 12, 
e.g., clinician programmer 20 directs INS 14 to deliver neurostimulation therapy to patient 12 

according to each program. The clinician selects one or more of the tested programs for use 
by INS 14 in delivering neurostimulation therapy to patient 12. 

[0031] As will be described in greater detail below, clinician programmer 20 communicates 
with a server and a database via a network connection during a programming session. 
Clinician programmer 20 may transmit information collected during the programming 
session to the server for storage on the database. Further, clinician programmer 20 may send 
programs specified by the clinician for testing during the programming session to the server, 
may be controlled during the programming session by the server, and may send the server 
information identifying which programs the clinician has selected from among those tested 
during the programming session. Clinician programmer 20 may also send rating information 
to the server, such as pain and paresthesia maps for storage and calculation of amounts of 
overlap provided by the tested programs by the server, as will be described in greater detail 
below. Clinician progrannmer 20 may transmit programs and information to the server via the 
network in real-time during the programming session. 

[0032] In some embodiments, as will be described in greater detail below, the database may 
store information for a variety of patients and from a variety of programming sessions, and 
the clinician may query the server via clinician programmer 20. The query may include 
information describing characteristics of patient 12 or the configuration of INS 14 and leads 
16. In such embodiments, the server compares the information provided with the query to 
information stored in the database to provide a result, such as a suggested program or 
procedure, in response to the query. The suggested program or procedure may then, for 
example, He tested or applied during the programming session for patient 12. 
[0033] System 10 also includes a patient programmer 26, which also may, as shown in FIG. 
1, be a handheld computing device. Patient programmer 26 may also include a display 28 
and a keypad 30, to allow patient 12 to interact with patient programmer 26. In some 
embodiments, display 26 may be a touch screen display, and patient 12 may interact with 
patient programmer 26 via display 28. Patient 12 may also interact with patient programmer 
26 using peripheral pointing devices, such as a stylus or mouse. 
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[0034] Patient 12 may use patient programmer 26 to control the delivery of neurostimulation 
therapy by INS 14. Patient 12 may use patient programmer 26 to activate or deactivate 
neurostimulation therapy and, as will be described in greater detail below, may use patient 
programmer 26 to select which from among a plurality of available programs will be used by 
INS 14 to deliver neurostimulation therapy. Further, as will be described in greater detail 
below, patient programmer 26 may interact with the server via the network to update the 
patient record during times between clinic visits. 

[0035] INS 14, clinician programmer 20, and patient programmer 26 may, as shown in FIG. 
1 , communicate via wireless communication. Clinician programmer 20 and patient 
programmer 26 may, for example, conmiunicate via wireless conununication with INS 14 
using RF telemetry techniques known in the art. Clinician programmer 20 and patient 
programmer 26 may communicate with each other using any of a variety of local wireless 
commimication techniques, such as RF communication according to the 802.1 1 or Bluetooth 
specification sets, infrared communication according to the IRDA specification set, or other 
standard or proprietary wireless communication protocols. Clinician programmer 20 and 
patient programmer 26 need not conMnunicate wirelessly, however. For example, 
programmers 20 and 26 may communicate via a wired connection, such as via a serial 
communication cable, or via exchange of removable media, such as magnetic or optical 
disks, or memory cards or sticks. Further, clinician programmer 20 may communicate with 
one or both of INS 14 and patient progranraier 26 via remote telemetry techniques known in 
the art, communicating via a local area network (LAN), wide area network (WAN), public 
switched telephone network (PSTN), or cellular telephone network, for example. 
[0036] FIG. 2 is a block diagram illustrating an example configuration of INS 14. INS 14 
may deliver neurostimulation therapy via electrodes 32A-H of lead 16A and electrodes 32I-P 
of lead 16B (collectively "electrodes 32"). Electrodes 32 collectively form a set 33 of 
electrodes implanted within patient 12 (FIG. 1). Electrodes 32 may be ring electrodes. The 
configuration, type and number of electrodes 32 within set 33 illustrated in FIG. 2 are merely 
exemplary. 

[0037] Electrodes 32 are electrically coupled to a therapy delivery circuit 34 via leads 16. 
Therapy delivery circuit 34 may, for example, include one or more output pulse generators, 
e.g., capacitive elements and switches, coupled to a power source such as a battery. Therapy 
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delivery circuit 34 delivers electrical pulses to patient 12 via combination of electrodes 32 
from within set 30 that includes two or more active electrodes under the control of a 

processor 36. 

[0038] Processor 36 controls therapy delivery circuit 34 to deliver neurostimulation therapy 
according to a selected program. Specifically, processor 36 may control circuit 34 to deliver 
electrical pulses with the amplitudes and widths, and at the rates specified by the program. 
Processor 36 may also control circuit 34 to deliver the pulses via a selected combination of 
electrodes 32 of set 33, as specified by the program. Processor 36 may include a 
microprocessor, a controller, a digital signal processor (DSP), an application specific 
integrated circuit (ASIC), an field programmable gate array (FPGA), discrete logic circuitry, 
or the like. 

[00391 INS 14 also includes a memory 38. In the illustrated embodiment, memory 38 stores 
one or more programs 40 that are available to be selected by processor 36 for delivery of 
neurostimulation therapy. Memory 38 may also include program instructions that, when 
executed by processor 36, cause INS 14 to perform the functions ascribed to INS 14 herein. 
Memory 38 may include any volatile, non-volatile, magnetic, optical, or electrical media, 
such as a random access memory (RAM), read-only memory (ROM), non-volatile RAM 
(NVRAM), electrically erasable programmable ROM (EEPROM), flash memory, and the 
like. 

[0040] INS 14 also includes a telemetry circuit 42 that allows processor 36 to communicate 
with clinician programmer 20 and patient programmer 26. Processor 36 receives programs to 
test on patient 12 from clinician programmer 20 via telemetry circuit 42 during programming 
by a clinician during a programming session. Processor 36 further receives programs 40 
selected by the clinician fix)m among the tested programs from clinician programmer 20 via 
telemetry circuit 42, and stores the received programs 40, which may be selected by patient 
12 via patient programmer 26, within memory 38. In otfier embodiments, as will be 
described in greater detail below, a plurality of programs for selection by patient 12 are 
stored in patient programmer 26, and processor 36 receives the selected program via 
telemetry circuit 42, stores the selected program in memory 38, which may comprise one or 
more registers, and uses the selected program to control delivery of neurostimulation therapy 
by therapy delivery circuit 34. 
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[0041] FIG. 3 is a block diagram illustrating an example configuration of clinician 
programmer 20. A clinician may interact with a processor 50 via a user interface 52 to 
program neurostimulation therapy for patient 12 as described herein. User interface 52 may 
include display 22 and keypad 24, and may also include a touch screen or peripheral pointing 
devices as described above. Processor 50 may also provide a graphical user interface (GUI) 
via display 22 to facilitate interaction with a clinician. Processor 50 may include a 
microprocessor, a controller, a DSP, an ASIC, an FPGA, discrete logic circuitry, or the like. 
[0042] Clinician programmer 20 also includes a memory 54. Memory 54 may include 
program instructions that, when executed by processor 50, cause clinician programmer 20 to 
perform the ftinctions ascribed to clinician programmer 20 herein. Memory 54 may include 
any volatile, non- volatile, fixed, removable, magnetic, optical, or electrical media, such as a 
RAM, ROM, CD-ROM, hard disk, removable magnetic disk, memory cards or sticks, 
NVRAM, EEPROM, flash memory, and the like. 

[0043] A cUnician may program neurostimulation therapy for patient 12 by specifying 
programs for testing on patient 12 during a neurostimulation therapy programming session. 
In some embodiments, the clinician may specify one or more programs for testing by 
selecting programs suggested as a result of a query to a server, as will be described in greater 
detail below. The clinician may interact with the GUI and user interface 52 in order to 
specify programs, and to interact with a server via a network, as will be described in greater 
detail below. 

[0044] Processor 50 may store the specified programs 56 within memory 54, and transmits 
specified programs 56 to the server via I/O circuitry 66. The server directs processor 50 to 
test specified programs 56 by, for example, providing processor 50 with an order for testing 
of specified programs 56. To test a specified program 56, processor 50 delivers the program 
to INS 14 via a telemetry circuit 64 for delivery of neurostimulation according to that 
program to patient 12. 

[0045] Upon dehvery of a selected or specified program, a processor 50 may receive 
feedback relating to the tested program via the GUI and user interface 52 from at least one of 
the clinician and patient 12. For example, processor 50 may receive a numerical score for 
each program that reflects the effectiveness of that program. In some embodiments, 
processor 50 may additionally or altematively receive a pain map, and may receive 
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paresthesia maps for each program. Processor 50 stores numerical scores, a pain map, and/or 
paresthesia maps as rating information 58, and transmits rating information 58 to the server 
via I/O circuit 66 and a network. 

[0046] In order to receive pain and paresthesia maps, processor 50 may retrieve body 
templates from memory 54 for presentation via display 22. The body templates are images 
that illustrate a surface of the human body. One or both of the clinician and patient 12 
indicate areas of pain and paresthesia experienced by patient 12 by highlighting, shading, or 
outlining regions of the body templates presented by processor 50. In exemplary 
embodiments, display 22 is a touch-screen display, and the user indicates one or more 
regions on each of the body templates using a stylus. Processor 50 stores and transmits 
information describing the indicated pixel regions of the body templates as a pain map and 
paresthesia maps. Further information describing techniques for collecting pain and 
paresthesia maps may be found in the Sieracki '102 patent. 

[0047] Processor 50 may receive a listing of tested programs 56 and associated rating 
information 58 from the server for presentation to the clinician via display 22 to facilitate 
selection of programs. The clinician selects one or more programs for long-term use by INS 
14 from the list via user interface 52. Processor 50 provides the selected programs to INS 14 
via telemetry circuit 64, and/or to patient programmer 26 via I/O circuit 66. Processor 50 
also indicates to the server which of programs 56 were selected by the clinician for long-term 
use, so that the server can store the selected programs within a database as part of a record 
for patient 12. The clinician may also select additional effective programs 56 for storage in 
the patient record within the database, so that they may be selected for programming of INS 
14 at a later date. 

[0048] The clinician may interact with user the GUI and user interface 52 to collect a variety 
of additional types of information during a programming session. For example, the clinician 
may enter patient information 60, including age, height, weight, sex, and symptoms. As 
another example, the clinician may enter device configuration information 62, including a 
device type of INS 14, a number and type of leads 16, a number of electrodes, the 
configuration of the electrodes, e.g., their position within the body. Patient information 60 
and device configuration information 62 may be stored within memory 54, and are 
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transmitted via I/O circuitry 66 to the server for storage within the database as part of the 
patient record. 

[0049] The database stores programs, rating information, patient information, and device 
configuration information within a plurality of records for a plurality of patients. In some 
embodiments, the clinician may direct clinician programmer 20 to transmit a query 
containing specified information to the server via the network connection. In response to the 
query, the server analyzes the information provided by the query through a comparison to the 
information stored within the database. The resuh based on the comparison is received by 
clinician programmer 20 and may include one or more suggested program, and in some 
cases, statistics relating to the suggested programs. In exemplary embodiments, the server 
suggests programs based on a comparison of patient information 60 and/or device 
configuration information 62 provided as part of the query to the information stored in the 
database. 

[0050] In exemplary embodiments, programs 56, rating information 58, patient information 
60, and device configuration information 62 are stored in memory 54 only during the 
programming session, with permanent storage of such information within a database as 
described above. Because such information is not permanently stored for a plurality of 
patients within memory 54, memory 54 and clinician programmer 20 may be smaller and less 
expensive devices. In some embodiments, the information need not be stored in memory 54 
at all. Rather, clinician programmer 20 may simply forward the information to the server for 
storage in the database, and may individually receive programs to test on patient 12 during 
the programming session fi-om the server as they are to be tested. In various embodiments, 
I/O circuitry 66 includes transceivers for wireless communication, appropriate ports for wired 
communication or conrauxnication via removable electrical media, appropriate drives for 
communication via removable magnetic or optical media, a modem, and/or a network 
interface card. 

[0051] FIG. 4 is a block diagram illustrating an example configuration of patient programmer 
26. Patient 12 may interact with a processor 70 via a user interface 72 in order to control 
delivery of neurostimulation therapy by, for example, starting and stopping delivery of 
therapy, adjusting parameters of programs, and selecting fi:-om among a plurality of available 
programs. User interface 72 may include display 28 and keypad 30, and may also include a 
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touch screen or peripheral pointing devices as described above. Processor 70 may also 
provide a graphical user interface (GUI) via display 28 to facilitate interaction with patient 
12. Processor 70 may include a microprocessor, a controller, a DSP, an ASIC, an FPGA, 
discrete logic circuitry, or the like. 

[0052] Patient programmer 26 also includes a memory 74. In some embodiments, memory 
74 may store a plurality of programs 76 that are available to be selected by patient 12 for 
delivery of neurostimulation therapy. A program selected by patient 12 is delivered to INS 
14 via telemetry circuit 80, and used by INS 14 to control delivery of neurostimulation by 
INS 14. 

[0053] Between clinic visits, patient 12 may record additional rating information 78 
regarding programs 76 during use via user interface 72. Processor 70 may store rating 
information 78 within memory 74, and may provide the rating information to the server via 
I/O circuitry 82. Patient 12 may also update other information stored within the database as 
part of the patient record for patient 12, such as patient information 60, via patient 
programmer 20. 

[0054] Memory 74 may also include program instructions that, when executed by processor 
70, cause patient programmer 26 to perform the functions ascribed to patient programmer 26 
herein. Memory 74 may include any volatile, non-volatile, fixed, removable, magnetic, 
optical, or electrical media, such as a RAM, ROM, CD-ROM, hard disk, removable magnetic 
disk, memory cards or sticks, NVRAM, EEPROM, flash memory, and the like. In various 
embodiments, I/O circuitry 82 may include transceivers for wireless communication, 
appropriate ports for wired conmiunication or communication via removable electrical 
media, appropriate drives for communication via removable magnetic or optical media, a 
modem, and/or a network interface card. 

[0055] FIG. 5 is a block diagram illustrating an example distributed system 90 comprising a 
plurality of progranraiing devices 92A-N (hereinafter programming devices 92) connected to 
server 100 via a network 112. Programming devices 92 may be clinician progranmiers 20 or 
patient programmers 26. Network 112 includes at least one of a local area network (LAN), a 
wide area network (WAN), the Internet, a wireless network, a cellular telephone network, 
and a landline telephone network. 
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[0056] Server 100 interacts with programming devices 92 via network 1 12 as described 
herein. Server accesses a database 96 that stores programs and information as patient records 
98 for a plurality of patients. Patient records 98 may include selected programs 56, 
associated rating information 58, patient information 60, and device configuration 
information 62, as described above. 

[0057] As described above, server 100 may receive queries including information, such as 
patient information and device configuration information, from programming devices 92, and 
analyze the information by comparison to information within database 96. A result such as a 
suggested program or procedure is transmitted to the requesting progranuning device 92. In 
some embodiments, server 100, or a human administrator, analyzes patient records 98 in the 
absence of a specific query and creates files 106 that server 100 may serve to programming 
devices 92 in response to queries. For example, statistics 108 relating to use or effectiveness 
or particular programs, procedures, classes or programs, and classes or procedures may be 
compiled and presented to clinicians as files 106 via progranmiing devices 92. Files 106 may 
take the form of webpages 110 served to programming devices 92 by server 100. Other files, 
such as frequently asked questions or help files, may be created by an administrator and 
served by server to programming devices 92 upon request by a clinician. Such files may also 
take the form of webpages 110. 

[0058] The distributed system allows a clinician and patient 12 to transmit and analyze 
programs and information from any progranraiing deyice 92 capable of accessing server 100 
via network 112. Allowing a clinician and patient 12 greater access to programs and 
information may lead to more effective and efficient therapy and use of clinician time. 
Patient 12 may transmit information regarding symptoms and program efficacy through a 
network connection in his home without having to visit a specialized clinic. Further, a 
clinician may be able to access patient records 98 without personal clinician/patient 
interaction. For example, patient 12 may experience pain in a new region of his body and 
indicate the location on a pain map through the user interface 72 patient programmer 26. 
Patient 12 may then use patient programmer 26 to transmit the information through network 
1 12 to server 100. Database 96 stores the information as part of a record 98 for patient 12 
that may be accessed by a clinician via clinician programmer 20 from a different location via 
network 112. 
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[0059] In addition to programming devices 92, computing devices 93 A-N (hereinafter 
computing devices 93) may be used interact with server 100 according to some embodiments 
of the invention. Computing devices 93 may be desktop or laptop computers, workstations, 
personal digital assistants (PDAs), or the like. Clinicians, for example, could use a 
computing device 93 to access, review, and/or analyze patient records 98 at some time after 
the respective programming sessions for those patients. Clinicians could also use a 
computing device 93 to review the totality of patient records 98, seek responses to queries, 
study statistics 108, or view webpages 1 10, in order to improve their INS programming 
practices and techniques for future programming sessions. 

[0060] Patients may be provided a level of access to server 100 via a computing device 93 
for review of their patient record 98, or to view statistics 108 or webpages 110. As another 
example, insurers may use computing device 93 to access patient records 98 to review 
services provided to patients for purposes of reimbursement. Further, the information stored 
within database 96 and statistics 108 may be made available for analysis by academic or 
corporate researchers using computing devices 93. Levels of access to database 96 and files 
106 via server 100 may be controlled by server 100 based on user profiles established by an 
administrator and stored in memory 114. 

[0061] Server 100 may comprise a single computing device or processor, or a plurality of 
computing devices and/or processors that cooperate to provide the functionality ascribed to 
server 100 herein. Database 96 and files 106 may be stored within a single computing device 
or memory, or within a plurality of computing devices and/or memories. As shown in FIG. 5, 
server may include a memory 114 that stores program instructions that when executed cause 
server to perform the functions ascribed to server 100 herein. Memory 114 may include any 
volatile, non-volatile, fixed, removable, magnetic, optical, or electrical media, such as a 
RAM, ROM, CD-ROM, hard disk, removable magnetic disk, memory cards or sticks, 
NVRAM, EEPROM, flash memory, and the like. 

[0062] FIG. 6 is a flowchart illustrating an example method that may be employed by server 
100 interact with a clinician programmer 20, during a programming session. Server 100 
receives patient information 60 and device configuration information 62 collected by a 
clinician via clinician progranraier 20 and network 112 (120). Server 100 may also receive a 
pain map entered by the clinician or patient 12 using clinician programmer 20, and programs 
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56 specified by the clinician using programmer 20 (120). Server 100 stores patient 
information 60, device configuration information 62 and the pain map as part of a record 98 
for patient 12 within database 96 (122). 

[0063] Server 100 directs clinician programmer 20 to control INS 14 to deliver the specified 
programs 56 (124). In some embodiments, server 100 randomizes the order of presentation 
of the specified programs 56, and directs clinician programmer 20 to control INS 14 to 
deliver the specified programs in the randomized order. In other embodiments, server 100 
generates an order of presentation that differs fi-om the order of specification, but is non- 
random, that is determined according to academic and clinical research results. Server 100 
receives numeric ratings and paresthesia maps entered by one or both of patient 12 and the 
clinician via patient programmer 20 and network 1 12 for each tested program (126). Server 
100 may receive numeric ratings and paresthesia maps for all tested programs when testing 
has concluded, or for each program as the information is provided to clinician progranmier 
20 by a user. 

[0064] In exemplary embodiments, server 100 calculates an amount of overlap for each 
program based on the pain map, and paresthesia map for that program. Specifically, server 
1 00 may compare the pixel region indicated by the user on a first body template for pain to 
the pixel region indicated by the user on an additional body template presented during or 
after delivery of therapy according to a program for paresthesia provided by that program. 
An amount of overlap may be expressed as one or both of a percentage of the pain region 
covered by the paresthesia region, or a percentage of the paresthesia region not covering the 
pain region. 

[0065] The numeric ratings, maps, and overlap amounts are rating information for the tested 
programs. Server 100 may provide a list of the tested programs and associated rating 
'^information to clinician programmer 20 via network 1 12 for presentation to the clinician. 
Server 100 may order the list according to the rating information, e.g., numeric ratings or 
amounts of overlap, and the ordering of the list may be selectably altered by the clinician. 
Server 100 receives indication of the programs selected by the clinician for long-term use in 
INS 14 (128), and stores the selected programs and the rating information associated with 
those programs within the record 98 for patient 12 in database 96 (130). 
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[0066] FIG. 7 is a flowchart illustrating an example method that may be employed by server 
100 to respond to a query received from a clinician. In exemplary embodiments, the 
clinician provides the query via clinician programmer 20, In some embodiments, however, 
the clinician may access server 100 via network 1 12 using any computing device 93 in order 
to query server 100. 

[0067J Server 100 receives a query from a clinician via a clinician programmer 20 and 
network 1 12 that includes information such as patient information 60 and device 
configuration information 62 (140). Server 100 compares the information of the query to 
information stored within database 96, and identifies one or more programs that may be 
effective for treatment of patient 12 and/or procedures that might be effective for identifying 
programs for patient 12 based on the comparison (142). Server 100 presents the identified 
programs and/or procedures to the clinician via clinician programmer 20 as suggestions 
(144). In some embodiments, server 100 may also present statistics 108 related to the 
suggested programs, such as percentages of a patient population that use the programs and/or 
consider them efficacious. 

[0068] FIG. 8 is a flowchart illustrating an example method that may be employed by server 
100 to respond to a query received from a clinician or researcher via a computing device 93. 
As discussed above, clinicians and researchers may use the information stored in database 96 
as a resource for investigating improvements to INS programming techniques, or 
neurostimulation therapy in general. Rather than performing such research using a 
programming device 92, researchers and clinicians may interact with server 100 to retrieve 
data from database 96 using a computing device 93, such as a desktop or laptop computer, 
that may provide more computational power for analysis of the data stored within database 
96. 

[0069] Server 100 receives a query for information from a user (150), and responds to the 
query by providing the requested information (1 52). Server 100 may provide raw, 
unanalyzed information collected during programming sessions to computing device 93, so 
that computing device 93 may perform an analysis (154) specified by the user, and 
potentially different from that which would be performed by server according to 
embodiments of the invention. For example, server 100 may provide raw pain and 
paresthesia maps within database for one or more patients, rather than rating information 
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derived from the maps. Like server 100, computing device 93 may perform overlap 
calculations using the maps, but also may perform other calculations. An example of a study 
that could be preformed by a researcher using information stored within database 96 is a time 
series study, where the effect of delivery of earlier tested programs on the rating of later 
tested programs is studied by analysis of the paresthetia maps and numerical ratings for the 
various tested programs. 

[0070] FIG. 9 is a conceptual diagram illustrating another exemplary distributed system 160. 
Patient 12 interacts with patient programmer 26 that communicates with network server 168 
through the Internet 166 via a modem connection 162. A clinician 13 interacts with clinician 
programmer 20 or computing device 93 that communicates with network server 168 through 
the Internet 166 via an Ethernet connection 164. Network server 168 interacts with 
programming devices 20 and 26 and computing device 93, and also interacts with a 
mainframe 170, database server 172, and file server 174 to provide the functionality ascribed 
to server 100 above. Mainframe 170 may be a computer capable of substantial computation 
that analyzes information within database 96 to generate statistics 108 and other files 106. 
Database server 172 provides network server 168 and mainframe 170 with access to database 
96, and creates and manages records within database 96. File server 174 manages files 106 
and serves files to network server 168 upon request. Either or both of file server 174 and 
network server 168 may be web servers capable of serving web pages to client computing 
devices, such as programmers 20 and 26 and computing device 93. 
[0071] Various embodiments of the invention have been described. These and other 
embodiments are within the scope of the following claims. 
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